OBJECTIVE: 1) To estimate the heritability of body mass index (BMI) in twins aged 16 y and 17 y, with a special emphasis on gender-speci®c genetic effects and 2) to compare heights, weights, BMIs, and prevalences of`overweight' (BMI ! ! 25 kgam 2 ) in these twins and in singletons aged 16.5 y. DESIGN: Cross-sectional and longitudinal epidemiological questionnaire study of twins at ages 16 y and 17 y, and cross-sectional study of singletons at age 16.5 y. MEASUREMENTS: BMI (kgam 2 ) was calculated from self-reported heights (m) and weights (kg). SUBJECTS: 4884 twins (2299 boys, 2585 girls) at baseline (age 16 y), 4401 twins (2002 boys, 2399 girls) at age 17 y, and 2509 singletons (1147 boys, 1362 girls) at age 16.5 y. Both twin and singleton samples are nationally representative. RESULTS: At the ages of 16 y and 17 y, genetic effects accounted for over 80% of the interindividual variation of BMI. The correlations for male ± female pairs were smaller than for either male-male or female ± female dizygotic pairs. The singletons, especially the boys, had a higher BMI than the twins. Nine percent of singleton boys, but only 4 ± 6% of twin boys and twin and singleton girls were`overweight' (BMI ! ! 25 kgam 2 ). CONCLUSIONS: Among adolescents, genetic factors play a signi®cant role in the causes of variation in BMI. The genetic modelling suggested that the sets of genes explaining the variation of BMI may differ in males and females. At this age, the twin boys, but not girls, seem to be leaner than singletons. Further follow-up will indicate whether these small differences disappear, and if not, what implications it might have to the generalizability of twin studies.
Introduction
The etiology of obesity is complex, but twin, adoption, and family studies have all reached a similar conclusion: genes have a signi®cant effect on susceptibility to the disease. 1, 2 However, depending on the study type and population, and the indices of excess body weight or fatness used, the estimates of genetic (heritable) and environmental effects on the development of obesity have varied widely. Typically, twin studies yield the highest estimates of heritability. In adults, the twin studies estimate that around 50 ± 80% of the variability of body mass index (BMI), is due to genetic effects. 3 ± 12 Heritability seems to be higher at younger ages, at least in cross-sectional studies. 4, 7, 8 The few studies performed in childhood, 1, 13 adolescence, 1, 14, 15 and young adulthood, 16, 17 show heritabilities from 70% to over 90% for BMI. Also, studies of the heritability of skinfold thicknesses in children yield similar results. 13, 18, 19 Adoption studies, on the other hand, show only moderate effects of genes (30 ± 40%) on variation of BMI and skinfolds, and family studies generally yield estimates of heritability intermediate between the twin and adoption studies. 20 Results from longitudinal studies support the suggestions from cross-sectional data that there are effects of genes on BMI that are age-speci®c. 2 Overall, genes seem to have more importance when subjects are young. Furthermore, the development of body build and fat distribution have their own characteristics at each age, although the biological mechanism of this regulation is largely unclear. There are only few longitudinal genetic analyses of BMI covering the adolescent age. 1, 14, 19 There are well known gender-speci®c differences in weight and body fat gain patterns from birth to adulthood. Among adults, and to some extent already in adolescence, body fat tends to be more abdominal in males than in females. There is evidence from adults, 5, 16 that some genetic effects contributing to the variation of BMI are separate for males and females. In one study, 14 no gender effects for BMI were found among adolescents, but the investigators themselves consider that ®nding to be a type II error, due to small sample size. In a pre-adolescent population, gender-differences were found for waist circumference, biiliac diameter, and suprailiac skinfold, but not for BMI. 18 Also, total heritability of BMI or body fat seems to be different depending on gender, although studies have yielded equivocal ®ndings. Some studies have found greater heritability of body weight in males than in females, 8, 10 others the opposite. 5, 7, 16, 19 Twin cohorts of different sizes from different ethnic backgrounds are frequently studied, but it is not known, whether the results can be generalized to the singleton population. Growth characteristics of twins have been compared to those of singletons 21 ± 25 but, again, never in nationwide samples. According to a Japanese study 21 and the Louisville Twin study, 22 intrauterine growth of twins differed very much from that of singletons, and twins were substantially smaller at birth, particularly for weight. A catch-up in heights and weights of the twins was demonstrated, bringing them to singleton levels by ages 6 ± 8 years.
In an Italian study, 23 twins at the age of 7 y were still shorter than singletons. In a British study, 24 twins with an age range of 3 ± 18 y were comparable to singletons only for height, but not for weight or weight:height relationship. In a Swedish longitudinal study of children and adolescents aged 10 ± 18 y, 25 a small height and weight de®cit was found for pubertal twin boys, and a larger one for twin girls, compared to singletons.
The present study estimates the heritability of BMI in a Finnish nationwide sample of twins aged 16 y and 17 y, with a special emphasis on gender-speci®city of genetic effects. The value of building on comparison data from non-twins is shown by evaluating the representativeness of heights, weights, and BMIs of these twins and of singletons aged 16.5 y from a nationwide sample. Including twins aged both 16 y and 17 y enabled examination of the growth patterns of twins over the age range of singletons, and, for logical reasons, parameters from twins are reported at both the ages throughout the paper.
Materials and methods

Samples
The Twin Study. All Finnish twins from ®ve consecutive birth cohorts, 1975 ± 1979, form a study (FinnTwin16 26 ) for which the baseline assessment was made within two months of the twins' 16th birthdays. The average age of respondent twins was 16.2 y, but in this article, we refer to them as`16 y'. The baseline assessment included self-reported height and weight, a survey of health habits and attitudes, a symptom check list, MMPI personality scales, and relationships with parents, peers and co-twin. The full ®ve-year cohort of twins born 1975 ± 1979 yielded replies from 5561 twin individuals (the response rates were 88% for boys and 93% for girls). All twins who had replied at the age of 16 y were sent a follow-up questionnaire within one month of their 17th birthday. The average age of respondents was 17.1 y, but they will be referred to as`17 y'. The response rate at the age of 17 y was 89% for boys and 94% for girls.
After excluding the subjects with responses where 1) either height or weight was missing (n 217), 2) zygosity could not be determined (n 188), 3) a physical illness was present which clearly affected BMI (three cases of degenerative central nervous system diseases, three of motor handicap, one congenital heart failure, one tetraplegia), 4) a reported weight was (mistakenly ?) reported as 170 kg (n 1), and 5) the twin sibling's BMI value was missing at age 16 y (n 263), 4884 twin individuals' (2299 boys and 2585 girls) BMI were included in the present study. At the age of 17 y, 4401 of these twins (2002 boys and 2399 girls) gave answers for both height and weight questions. For the model ®tting analyses, only full pairs of twins who responded both at age 16 y and age 17 y were selected (4222 individuals: 1919 boys and 2303 girls).
Zygosity was determined by the questionnaire method as described in detail elsewhere. 27 Supplemental information on zygosity was obtained from photographs and DNA ®ngerprinting in some cases. Twins were classi®ed as monozygotic (MZ) and two groups of dizygotic (DZ): same-sexed dizygotic (SSDZ) and opposite-sexed dizygotic (OSDZ).
The singleton study. The Adolescent Health and Life Style Survey, is a biannual survey among nationally representative Finnish adolescents aged 12 y, 14 y, 16 y and 18 y, to obtain information on health and health-related behaviours. 28 In February 1993, all adolescents born on 12 dates in a period between May and September 1976, alive and living in Finland, were identi®ed from Finland's Central Population Registry. They were sent a questionnaire followed by two reminders. At the time the questionnaires were returned, the adolescents were aged approximately 16.6 y, but in this article, they will be referred to as 16.5 y'. The response rate was 70% for boys and 87% for girls. Values for either height or weight were missing for 52 subjects (23 boys and 29 girls). Thus, a total number of 2509 non-twin individuals (singletons) (1147 boys and 1362 girls) were included in the present study.
Measures
In the questionnaires, height was given in centimeters (cm) and weight in kilograms (kg), which, when necessary, were rounded off to the nearest integral number. BMI (weight (kg) by height squared (m 2 )), was used as a measure of relative body weight. In twins, the height and weight changes were determined as a difference between the two values reported at baseline and at follow-up, and intrapair differences as 29 ; Finnish reference data was not available.
Statistical analyses
All the analyses, except for the descriptive ones, were carried out on log-transformed BMI values, which eliminated right skewness of the distributions. 30 Statistical analyses for individual data were performed using Student's t test, Pearson's coef®cient of correlation and chi-square test for contingency tables in SAS.
To estimate genetic and environmental components of variance for BMI, standard univariate twin analyses were carried out. 30 These included tests of homogeneity of means and variances across twin type. Then, we performed maximum likelihood analyses based on sample covariance matrices to estimate the components of variance, as described in detail elsewhere. 7 Under the current study design of twins reared together, it is possible to model four separate parameters: an additive genetic (A) component, effects due to dominance (D), and shared (C) and non-shared (E) environmental components. One can ®t models based on the different combinations of these parameters: AE, ACE, ADE and CE, but effects due to dominance and shared environmental effects cannot be simultaneously modelled with data limited to that from twins reared together. 7 Chi-square goodness-of-®t statistics were used to assess how well models ®t the data. The superiority of alternative, hierarchically nested models was assessed by the difference in chi-square values of the models, which is itself chi-square-distributed with degrees of freedom equal to the difference in degrees of freedom of the models to be compared. 7 The most parsimonious model, that is, the one combining a good ®t with the least number of parameters needed to account for the data, was selected using the Akaike's information criteria (AIC), which is computed by subtracting twice the degrees of freedom of the model from its chi-square value. 7 This was done to compare models, where different components of variance have been speci®ed.
Including the unlike-sexed twin pairs in the analyses permitted testing whether the variance pro®le of BMI is similar across the sexes, or whether the magnitude of genetic and environmental in¯uences are gender-dependent, and whether or not it is the same set of genes or shared environmental experiences that in¯uence BMI in boys and girls. To test these, three sets of gender-limitation models were used: 1) A scalar gender-limitation model, which not only removes the gender-speci®c effects, but constrains the variance components of one gender to be equal to a scalar multiple of the variances of the other gender; 2) A common gender-limitation model, which sets the same genes for both sexes, but allows the magnitude of their effect to differ across the sexes; 3) A general gender-limitation model, which allows the magnitude of genetic and environmental effects to be different across sexes and permits different genes for males and females. In the last model, the correlation between genetic effects in males and females can be computed. 7 
Results
Comparison of twins at age 16 y and 17 y with singletons at age 16.5 y Boys. Twin boys aged 16 y were shorter and leaner than singleton boys at age 16.5 y (Table 1) . By the age of 17 y, the twin boys had reached the height of singleton boys, but still had lower BMIs than the younger singletons. The frequency of`overweight' (BMI ! 25 kgam 2 ) increased in twin boys from the age of 16 y to 17 y, but remained less than in singleton boys at age 16.5 y.
Girls. When compared to singleton girls aged 16.5 y, twin girls aged 16 y weighed less and had lower BMIs (Table 2 ), but for twins aged 17 y and singletons aged 16.5 y, the differences were not signi®cant. There were no statistically signi®cant differences in the prevalences of`overweight' in twin girls compared to singleton girls.
Boys vs girls. The boys were naturally taller and heavier than the girls. For the twins, there were no gender differences in`overweight' at age 16 y, but at age 17 y, the boys were more often`overweight' than , and that of the responders 20.2 kgam 2 (P`0.05). The following comparisons between the 16 y and 17 y data, were made only for those individuals who had answered at both ages (n 4401).
The boys had increased in height by an average of 2.3 cm and the girls by an average of 0.5 cm (Table 1  and Table 2 ). In both boys and girls, the maximum growth was 15 cm. In the boys, the mean weight gain was 3.8 kg (ranging from 717 kg to 25 kg) and in girls 1.1 kg (from 727 kg to 21 kg). While 1.1% of boys and 1.3% of girls had lost b5 kg, 27% of the boys and 6% of the girls had gained b5 kg. The mean BMI changes were 0.7 kgam 2 and 0.3 kgam 2 in boys and girls, respectively. BMI had decreased by b3 kgam 2 in 0.6% of the boys and 1.2% of the girls. Conversely, an increase in BMI of b3 kgam 2 could be detected in 3.4% of boys and 4.4% of girls. The increase in BMI was greatest in the groups where initial BMI was lowest. The overall correlations of BMI between the ages of 16 y and 17 y were 0.85 in boys and 0.89 in girls. In those responding at both 16 y and 17 y, the prevalence of`overweight' increased in boys from 4.2 ± 6.4% and in girls from 3.9 ± 4.5%.
MZ boys had gained less weight (3.4 kg) than DZ boys of either same (3.9 kg) or opposite (3.9 kg) sex. These differences were signi®cant (P`0.02). Also, the gain in BMI was signi®cantly lower in MZ boys (0.59 kgam 2 ) than in OSDZ boys (0.73 kgam 2 , P`0.05), but not signi®cantly lower than that of SSDZ boys (0.71 kgam 2 ) . No such phenomenon could be seen in girls.
Height, weight and BMI in twins according to zygosity
The heights, weights, BMIs, intrapair differences of BMI, and prevalences of`overweight' in twins according to zygosity are shown in Table 3 . In boys at the age of 16 y, monozygotes (MZ) had lower BMI than dizygotes of same sex (SSDZ) and lower weight and BMI than opposite-sexed dizygotes (OSDZ). The prevalences of`overweight' were essentially the same in all groups of boys aged 16 y. At the age of 17 y, the differences in weight and BMI between mono-and dizygotic boys increased so that MZ boys had lower weight, BMI and the prevalence of`overweight', than a P values (*, ** or ***) from t-tests between the dizygotic group in question and monozygotes of the gender concerned.
b P values (*, ** or ***) from chi-square tests between the dizygotic group in question and monozygotes of the gender concerned.
c Mean intrapair differences between OSDZ boys and OSDZ girls. *P`0.05, **P`0.01, ***P`0.001.
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either SSDZ or OSDZ boys. There were no differences between SSDZ and OSDZ boys at either age. Both at the age of 16 y and 17 y, the MZ girls were shorter and leaner than SSDZ girls, but the BMIs did not differ between the groups (Table 3) . At both ages, the MZ girls were also shorter than OSDZ girls, but their weights were similar. The prevalences of`overweight' did not differ between the zygosity groups. As in boys, there were no differences between SSDZ and OSDZ girls at either age.
The MZ twins were more alike than the DZ twins, as shown by the mean intrapair differences in BMI (Table 3 ) and the degree of discordance. Discordance between twin A and twin B at age 16 y was considered present if one was 5 cm taller or 5 kg heavier or had BMI over 3 kgam 2 more than the other. Even though girls, overall, are smaller than boys, the same criteria were used for both sexes, as the comparisons were made between mono-and dizygotic twins within each sex, and not between sexes. As expected, dizygotic twins were more discordant than monozygotic twins. When comparing twins of same sex, 10% of male MZ pairs and 49% of SSDZ male pairs were discordant for height (chi sq P`0.001), 21% and 57%, respectively for weight (chi sq P`0.001), and 5% and 19% for BMI (chi sq P`0.001). In 1.9% of the MZ twin brothers, one twin was`overweight' (BMI ! 25 kgam 2 ) and the other not, while in SSDZ twin brothers, the corresponding proportion was 7.6% (chi sq P`0.001). Similar results could be seen in girls, as 8% of the female MZ and 41% of the female SSDZ pairs were discordant for height, 17% and 53%, respectively, for weight, and 3% and 23% for BMI (chi sq P`0.001 for all). Furthermore, 1.9% of the female MZ but 7.5% of the female SSDZ pairs were discordant for`overweight' (P`0.001).
Model ®tting
Descriptive statistics for the selected population in the standard univariate twin analyses are presented in Table 4 . The number of pairs here are less than in the analyses described above, because in the model ®tting analyses, only full pairs responding both at age 16 y and 17 y were included. Mean scores and mean intrapair differences of BMI by zygosity were, however, very similar to the data based on all respondents given above. Variances across zygosity were similar in both boys and girls (Table 4 ). The pattern of correlations at both ages suggests that 1) additive genetic effects (A) contribute to variation of BMI, because the correlations for the MZs (for example, r 0.80, 95% con®dence intervals (CI) 0.75 ± 0.86 for MZ boys at the age of 16 y) are substantially greater than for the SSDZs (for example, r 0.36, 95% CI 0.25 ± 0.48 for DZ boys at the age of 16 y); 2) effects due to dominance (D), rather than shared environmental effects (C) exist, because correlations for MZs are more than twice that of SSDZs; 3) unshared environmental effects are present, because the correlations for MZs are`1.0. Correlations for boys at the age of 17 y and for girls at ages 16 y and 17 y (Table 4) show a similar pattern. In addition, gender-speci®c effects may be important, because the OSDZ (r 0.23, 95% CI 0.15 ± 0.31 at the age of 16 y) twins are less similar than SSDZ twins at the age of 16 y and, with age, the opposite-sex correlation appears to further decrease (r 0.19, 95% CI 0.11 ± 0.26).
Gender-speci®c univariate analyses
Results of the best-®tting models of the maximum likelihood twin analyses are summarised in Table 5 . Among like-sexed pairs of boys at ages 16 y and 17 y, the best-®tting model, according to an AIC, was an AE model in which BMI is a function of alleles acting in an additive fashion (A), and environmental in¯u-ences unique to each member of twin pair (E). Adding a component of a genetic dominance effect in which alleles are acting in a non-additive fashion (D in an ADE model) did not improve the ®t (at the age of 16 y: w 2 (chi sq) change for AE-ADE 1.856, d.f. 1, P 0.17; at the age of 17 y: w 2 change 2.541, d.f. 1, P 0.11). As in boys, among like-sexed girls at both ages, an AE model provided the best ®t. The difference between an ADE and the AE model was not signi®cant (at the age of 16 y: w 2 change 1.993, d.f. 1, P 0.16, at the age of 17 y: w 2 change 0.528, d.f. 1, P 0.47). As Table 5 shows, the best-®tting model estimated that in boys, 82% and in girls, 87% of the variance of BMI at the age of 16 y was attributable to (additive) genetic factors and the rest to unique environmental factors. At the age of 17 y, the heritability of BMI had slightly increased in boys and decreased in girls, so that in 
Gender-limitation
Data from all twins, including like-sexed and unlikesexed pairs, were used to analyse whether the heritability of BMI was affected by gender. This was done by comparing the 1) scalar gender-limitation model (genes (or environments) contributing to variation of BMI are common for both sexes and magnitude equal to a scalar multiple of the other sex's variance). 2) common gender-limitation model (effects common to both sexes but the magnitude of parameters may vary between sexes), and 3) general gender-limitation model (effects unique for each sex gender-speci®c effects). Within the best ®tting AE model, eliminating the gender-speci®c effects on BMI results in a signi®cantly poorer ®t: (at the age of 16 y: w 2 change for scalar gender-limitation model 7 general gender-limitation model 40.049, d.f. 2, P`0.0001; at the age of 17 y: w 2 change 49.374, d.f. 2, P`0.0001), (and at the age of 16 y: w 2 change for common genderlimitation model 7 general gender-limitation model 31.756, d.f. 1, P`0.0001; at the age of 17 y: w 2 change 49.213, d.f. 1, P`0.0001). Thus, genderspeci®c effects were remarkable. This indicates that either the variety of genes or the magnitude of their effects on BMI or both, differ in boys and girls. The heritability estimates accompany those obtained from gender-speci®c models: at the age of 16 y, the heritability was 81% for boys and 87% for girls, and at the age of 17 y, 86% for boys and 85% for girls. The correlation between genetic effects in boys and girls, indicating the degree of similarity between sexes, was 0.43 at the age of 16 y, and 0.26 at 17 y.
Discussion
The present study is based on two nationwide populations in Finland aged 16 ± 17 y: 1) all twins, including same-and opposite-sexed pairs born 1975 ± 1979, and 2) singletons born in a de®ned period of 1976. Both cohorts are representative of the entire Finnish population. The response rates were high: around 90% in all but singleton boys (70%). After excluding some subjects for various reasons (see`Materials and methods'), changes in the mean BMI values were only in the second decimal place. These unique data yielded comparisons between twins and singletons in large and representative samples assessed in a similar way. As far as we know, no such analyses have been published previously.
BMI is widely used as an index of obesity, although obesity, by de®nition, is excess body fat, and BMI is a measure of both fat and lean tissue. Although the correlation of body fat and BMI is high, the fact that BMI is unable to distinguish fat and lean tissue and the different body builds, is likely to result in some discrepancy when classifying obesity by BMI. 31 Also, some caution should be exercised when comparing people of different ages and sexes, because in general, for an equivalent BMI, older people have more body fat than younger people and women more fat mass than men. 32 In the present study, some of these problems are avoided, because all subjects are of equal age, and most comparisons are made separately for males and females. We state, however, that singleton boys aged 16.5 y and twin boys aged 17 y were more`overweight' than girls. Some of the boys' overweight' may be due to the larger amount of lean tissue mass in them, but as the prevalence of overweight in these boys was so great compared to girls, the boys seem to be truly more obese as well.
The study is based on self-reported heights and weights. In self-reports, the high values are likely to be underestimated and low ones to be overestimated (a¯at slope syndrome). 33, 34 This would have little effect on analyses using the self-reported measures as continuous variables, but misclassi®cation would occur when using them as categorical variables. Thus, the mean values of this study are likely to be fairly accurate, but the prevalence of`overweight' (de®ned here as BMI ! 25 kgam 2 ) may be underestimated. At birth, dizygotic twins have been shown to be signi®cantly heavier than monozygotic twins. That Table 5 Estimates of the proportions of total variance attributable to additive genetic effects, and unshared environmental effects and the corresponding parameter values of males and females for log-transformed body mass index (BMI) BMI in adolescent twins and singletons KH Pietila Èinen et al difference has been reported to disappear early in childhood in some studies, 21, 35 but not in all. 23 Our ®nding that adolescent dizygotic boys (both SSDZ and OSDZ) were heavier than MZ boys, and that SSDZ and OSDZ girls were taller and SSDZ girls heavier than MZ girls, may, in part, be due to the large number of subjects studied yielding more sensitive statistical tests. Although the biological importance of these slight differences may be questioned, it could be speculated that the smaller birth weight of monozygotes could still have an effect, or the MZ pairs could guard each other with regard to weight and weight gain more closely than DZs, who also in other respects are more dissimilar. Guarding of one twin over another obviously happens, as the twins (both MZs and DZs) living together have had lower BMIs than those living apart. 10 Also the intrapair correlation has been greater for the twins living together than those living apart. 10, 36 The ®nding that MZ twins are more similar in regards to height, weight and BMI than DZ twins is impressively uniform in all studies. This seemingly trivial ®nding holds, however, not at birth. 21 The increasing similarity of MZ pairs, and the dissimilarity of DZ pairs, becomes apparent only during and after early infancy, which suggests that a) environmental factors change differently depending on zygosity, for example, nutrition which may be competed for in the uterus of monochorionic MZ twins is more equal after birth and b) an effect of genetic factors emerges developmentally.
The genetic factors contributing to the variation in BMI seem to have most effect during childhood and adolescence, 1, 14, 17, 18 as the estimates of heritability then are generally somewhat greater than in adults. 3 ± 12,16 The heritability estimates of BMI for adolescents in this study (81 ± 87%) fall in the range found in other twin studies covering the pre-adolescent and adolescent age (70 ± 90%). In family and adoption studies, a signi®cantly lower heritability has been suggested (30 ± 40%). 20 There are possible limitations and methodological pitfalls in each study type which may account for the controversial results. Twin studies are criticized for the possibility that monozygotic twins may have more equal environments than dizygotic twins, and this might increase the estimates of heritability, as in twin studies, the extent of similarity among the MZs compared to that of DZs is considered to be an effect of genes. In adoption studies, selective placement of the children or false paternity, and in family studies, the incapability of separating environmental and genetic familial in¯uences may affect the results. The adoption and family studies also fail to address age-speci®c genetic effects and genetic dominance, and both type of studies derive estimates from crossgenerational data on individuals, who are the products of separate pregnancies. All this may bias the estimates of heritability downwards in the adoption and family studies. A study of MZ twins reared apart, however, has all the advantages of a twin study and does not rely on the equal environments assumption. A meta-analysis of an international sample of MZ twins reared apart 3 suggests that heritability estimates for BMI between 50 ± 70% seem reasonable in adults. In our adolescent sample, the effect of genes was b80%; that might be an overestimate for adults, but perhaps not for the young. In adolescents, the more synchronous pubertal staging in MZ than in DZ twins, as reported earlier in a study of age at menarche in girls of the present population, 27 can lead to higher estimate of heritability as BMI is highly correlated with pubertal status. There also is a possibility that heritability estimates decrease later because the greater environmental similarity of the MZ than of the DZ pairs diminishes as the pairs (presumably) live separately as adults. Most probably, the environmental effects overall play a bigger role later in development.
The total heritabilities of BMI have differed between sexes depending on studies made, being higher in males than in females in some studies, 10, 18 but the opposite in others. 7, 16 Our ®nding was that, at the age of 16 y, heritability of BMI was higher in females than in males, but at the age of 17 y, the heritability was the same for both sexes. These controversial ®ndings can be due to differences between populations, in their gene pool composition, dietary habits, physical activity and other cultural factors, which may also vary between men and women. In this study, the probable gender differences in pubertal development (which could, however, not be examined in this non-clinical setting) are likely to affect the growth patterns and the heritability estimates of BMI in males and females.
The gender differences in pubertal development may also explain part of our ®nding that in males and females, different sets of genes accounted for the additive genetic effects contributing to the variation of BMI. A signi®cant gender-speci®c effect was also found in a large population-based study of Norwegian twins aged 18 ± 25 y. 16 In two smaller studies of adolescents, 14, 18 such an effect was not found, but in the previously mentioned study, a type II statistical error was suspected and in the latter, different magnitudes of gender effects were seen for waist circumference, biiliac diameter and suprailiac skinfold, although not for BMI. The estimates for the correlation between genetic effects in boys and girls (0.43 at the age of 16 y and 0.26 at the age of 17 y) were smaller than the one in the Norwegian study (0.62). 16 However, because of the wide con®dence intervals for the correlations in OS pairs (see Table 4 ), the differences in the pointed estimates at the ages of 16 y and 17 y may be due to chance. We are collecting followup data at the age of 18.5 y, and a formal model ®tting analysis of the three-wave data will have more power to indicate possible changes in the gender-speci®c effects over time.
A concern has been raised that the results from twin studies may not be generalizable to the overall BMI in adolescent twins and singletons KH Pietila Èinen et al population. There is evidence to support the general belief that twins are smaller than singletons at birth 21, 22 and the intrauterine effects may lead to lasting differences in later life. In the above mentioned studies, a catch-up in heights and weights of the twins was demonstrated as early as by the age of 6 ± 8 y, but in other studies, the twins remained shorter or leaner at least until the age of 18 y. 23 ± 25 Our results suggest that the differences between twins and singletons, especially in weight and BMI, persist to puberty at least in boys. This is reasonable, as boys mature later than girls, and the catch-up growth from the lighter birth weight may not be completed in adolescent twin boys. It is to be noted that, although the twin boys at follow-up were approximately half a year older than the singletons (17 y and 16.5 y, respectively), the twins were still leaner (for BMI) and less`overweight' than the controls. The same tendency, although not reaching signi®cance, was seen in girls, and it is, thus, tempting to assume that the small differences of BMI between twins and singletons also disappear in boys as they mature.
An interesting issue is whether the differences between twin and singleton growth patterns are of genetic or environmental origin. In a recent study, 1 maternal intrauterine effect was indirectly shown not to be genetically determined, and there is no reason to believe that the gene pool in twins differs from that of singletons. Thus, possible differences in twins and singletons are most probably of environmental origin ± either prenatally or later in life. It is also of interest whether the differences in childhood and adolescence are merely due to birth weight or whether there is a later appearing`body guarding' effect of one twin on the other, or another undetermined environmental factor? If only the birth weight accounts for the lighter adolescent body size, its sheltering effect from later mortality may become questionable, because there are ®ndings that low birth weight, for example, in times of famine, would predispose to adult mortality to cardiovascular disease. 37 However, this ®nding has been refuted by later and larger studies. 38 Also in twins, growth retardation in utero has not been shown to constitute risk for ischaemic heart disease. 39 
Conclusion
We have shown that at the age of 16 ± 17 y, the genes account overall for a signi®cant portion (b80%) of the variation of BMI, and that the sets of genes contributing to the variation of BMI appear to differ in males and females. We also showed in the nationally representative samples of twins aged 16 y and 17 y and singletons aged 16.5 y that the twin boys, but not girls, were leaner than the singletons in adolescence. It seems probable, however, that these small differences between twin and singleton boys also disappear as the boys mature, and nationwide twin studies of BMI carried out in adult populations could thus be generalizable to singleton populations.
